The use of good quality seeds is fundamental for proper establishment of a crop. In this way, for more precise determination of seed quality, vigor tests are performed in addition to the germination test. These tests enable the selection of the best lots for commercialization and planting. This study evaluates the effects of temperature and exposure times of the accelerated aging test for vigor classification of mungbean seed lots. Seeds of the mungbean cultivar Esmeralda were used, being obtained from four cultivated plots at the State University of Goiás (UEG), Ipameri Câmpus, in the 2013, 2015, 2016, and 2017 harvests. The lots were initially characterized using germination and vigor tests (first germination count, germination rate index, seedling length, and seedling fresh and dry weight). The accelerated aging test was conducted with a completely randomized experimental design, in a 2 × 4 factorial arrangement consisting of two temperatures (40 and 42 °C) and four times (24, 48, 72, and 96 hours), with four replicates of 50 seeds per lot. The lots showed significant differences in the germination test, first germination count, germination rate index, and seedling length. The accelerated aging test was efficient in classifying lots. Lot 3 obtained the best results, while lot 1 obtained the lowest ones. The combination of 42 °C temperature and 72 h of seed exposure to the accelerated aging test is the best to classify mungbean seed lots.
Introduction
Mungbean (Vigna radiata L.) belongs to the family Fabaceae, being one of the most cultivated legumes during summer in tropical and subtropical climates (Tang et al., 2014a) . The species is native to India, and was domesticated about 4,500 years ago. Currently, it is cultivated mainly in regions of Asia, India, China, and Pakistan. Regions such as Africa, USA, and Australia also cultivate this species, but on a smaller scale (Smýkal et al., 2015) .
In fact, Asia accounts for 90% of the world production of mungbean, in which India represents about 50% of the total production. Currently, China is the largest exporter of seeds of this bean (Misiak et al., 2017) . In Brazil, mungbean is cultivated on a small scale, and is little studied. Nevertheless, the species has been gaining market share, especially for the production of bean sprouts (moyashi) at different times of the year, highlighting the region of Minas Gerais (Vieira et al., 2011) .
Mungbean is considered a good source of protein, carbohydrate, and minerals, besides being rich in vitamins, particularly thiamine, riboflavin, and niacin (Luo et al., 2016; Lim, 2012) . It can be consumed by animals and humans in the form of pods, green seeds, dried seeds, or shoots (Kahraman et al., 2014) . The seeds are also used in the pharmaceutical and cosmetic industries (Shaheen et al., 2012) .
The use of good quality seeds is fundamental for proper establishment of a crop. In this way, for more precise determination of seed quality, vigor tests are performed in addition to the germination test. These tests enable the selection of the best lots for commercialization and planting (Araujo et al., 2011) .
The seed vigor test is determined under unfavorable conditions by measuring the reduction of the biochemical or physiological function of seeds. It should be fast, economical, reproducible, and the results should be similar to those observed in the field. A vigor test with the desired characteristics is the accelerated aging test (Bertolin et al., 2011) .
The accelerated aging test is based on simulations between different environmental factors, such as high relative humidity and high temperatures. Thus, the test consists of situations where the seeds are subjected to high temperature and relative humidity during a certain period, and responses are observed by standard germination test (Guedes et al., 2013) . This test allows to detect differences in the physiological quality of seed lots with similar germinative capacity, which may present different behaviors due to long storage times and the various conditions of field cultivation (Flávio & Paula, 2010; Marcos Filho, 2015) .
When working with accelerated aging test parameters to determine the vigor of bean seeds, Bertolin et al. (2011) observed that bean seeds with good quality (germination) present alterations in the accelerated aging test; the authors obtained satisfactory results when using the temperature of 43 °C for 24 h. Guiscem et al. (2010) , evaluating both the cold test and the accelerated aging test in the determination of asparagus bean seed vigor, observed positive results when using the temperature of 43 ºC for 48 h.
Therefore, in view of the promising market for mungbean cultivation and the need for further studies on both the vigor and accelerated aging tests for this crop, the present study is of great importance for guidance and consequent success in green mungbean cultivation. This study evaluates the effects of temperature and exposure times of the accelerated aging test for vigor classification of mungbean (Vigna radiata L.) seed lots.
Materials and Methods
The 
Germination test (%):
conducted with four replicates of 50 seeds per lot, using germitest paper towels moistened with distilled water at a ratio of 2.5 times the weight of the dry paper. The towels were packed in plastic bags and taken to germination chambers at 25 °C. The evaluation of normal seedlings was performed on the seventh day after the test installation. Results were expressed as percentage of normal seedlings (%) (MAPA, 2009).
First germination count (%):
concomitant to the germination test, but the evaluation of normal seedlings was performed on the fifth day after the test installation. Results were expressed as percentage of normal seedlings.
Germination rate: concomitant to the germination test, but the seeds were evaluated every day until the last evaluation, on the seventh day after the germination test. Upon completion of daily evaluations, the germination rate index was calculated according to Maguire (1962) , the result being obtained by means of the formula: IVE = E1/N1 + E2/N2 + ... + En/Nn, where, E1, E2, and En-number of normal seedlings computed in the first, second, and until the last count; N1, N2, and Nn-number of days after the test installation.
Seedling length (cm): carried out with four replicates of 25 seeds per lot, using germitest paper towels moistened with distilled water at a rate of 2.5 times the weight of the dry paper. Seeds were distributed in two longitudinal straight rows. The towels were packed in plastic bags and taken to germination chambers at 25 °C. Seedling length was obtained with the aid of a graduated ruler on the fifth day after the test installation.
Fresh and dry weight of normal seedlings (g): after determining the length, seedlings were weighed on a precision scale to determine the fresh weight. For dry weight determination, the seedlings were placed in paper bags and dried in a forced-air oven at 65 °C for 72h. Results were expressed in grams.
After the initial characterization of the lots, the accelerated aging test was conducted with a completely randomized experimental design, in a 2 × 4 factorial arrangement consisting of two temperatures (40 and 42 °C) and four times (24, 48, 72, and 96 hours), with four replicates of 50 seeds per lot.
The seeds were packed in transparent "gerbox" (11 × 11 × 3.5 cm), being placed in a single layer on a screen attached to the inside of boxes, containing 40 mL of distilled water in the bottom, as described by Marcos Filho (1999b) . The boxes were capped and taken to a BOD chamber, being maintained at the temperatures and times stipulated above. Table 1 . Mean values of mungbean moisture content (MC), germination (GERM), first germination count (FGC), germination rate index (GRI), seedling length (SL), seedling fresh weight (SFW), and seedling dry weight (SDW). Ipameri-GO, 2018 Note. Means followed by the same letter in the column do not differ by Tukey test at 5% probability.
For seedling length, the means also presented significant difference, where lot 4 was shown to be superior, but similar to lots 2 and 3, while lot 1 presented the lowest values. The results for seedling fresh and dry weight did not differ statistically between the lots (Table 1) .
According to the results of the germination and vigor tests, lot 3 presented the highest averages and lot 1 had the lowest values. Based on seedling performance, vigor tests are taken as physiological tests, determining specific physiological activities as a function of seed vigor (Santos et al., 2017) .
These results highlighted the need to perform other tests before classifying the lots for their physiological potential (Tunes et al., 2012) . Each test provides complementary information regarding the storage time and its potential to establish a larger plant stand under wide variation of environmental conditions (Marcos Filho et al., 2009) . Table 2 shows the moisture content values for each seed lot after the seeds were subjected to the accelerated aging test at 40 and 42 °C for four times. After applying the accelerated aging test, moisture content values varied from 13.46 to 16.06% for lot 1, from 15.25 to 19.43% for lot 2, from 10.98 to 15.16% for lot 3, and from 14.61 to 17.49% for lot 4, between the lowest and the highest exposure time of the accelerated aging test, respectively.
These values agree with Marcos Filho (1999b) and are similar to those observed by Bertolini et al. (2011) when determining vigor in bean seeds through the accelerated aging test. This demonstrates the uniformity of test conditions. Seed water content increased as a function of increasing temperatures and exposure times.
Regarding the accelerated aging test, mungbean lots presented significant difference when exposed to different temperatures and exposure times (Table 3) . These results are similar to those observed by Guiscem et al. (2010) . When determining vigor in asparagus bean seeds by means of the cold test and the accelerated aging test, these authors observed that the combination of 43 ºC/48 h was the most adequate to evaluate the physiological potential of asparagus bean cultivars.
jas.ccsenet.org Vol. 11, No. 7; 2019 When evaluating temperatures regardless of the exposure time, we observed a significant difference. At 40 °C, the lots showed a higher percentage of normal seedlings, whereas the temperature of 42 °C decreased the percentage of normal seedlings. In the association between temperature and exposure time, lots 1 and 2 did not show significant differences in the different exposure times at 40 °C. For lots 3 and 4, in turn, the germination percentage decreased after 72 h of exposure to the test. Moreover, lot 3 was shown to be the least sensitive to the different seed exposure times. This fact may be related to seed vigor, as previously determined, classifying lot 3 as the most vigorous.
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At 42 °C, lots 1 and 4 did not show significant differences between the exposure times, but lots 2 and 3 presented a decrease in the percentage of normal seedlings. For the latter, the exposure time of 96 hours accounted for the lowest mean germination values, of 48% and 63%, respectively. Note. Means followed by the same letter in the column do not differ by Tukey test at 5% probability.
When evaluating the behavior of each lot at the different temperatures and exposure times of the accelerated aging test, lot 3 was shown to be less sensitive than the other lots at 42 °C temperature and 72 h exposure time, with 82% of normal seedlings. Lot 1 showed the worst performance, with 55% of normal seedlings. This setting of temperature and time is recommended for grading of mungbean seed lots.
Corroborating with Bertolin et al. (2011) , with the application of the accelerated aging test, there was decreased germination and increased deterioration of mungbean seeds as a function of increasing exposure time within each temperature. Regarding the behavior of each lot, some materials were shown to be more resistant to the adverse conditions imposed by the test, which suggests the need for studies with different temperatures and exposure times. Notwithstanding, this characteristic can be considered favorable when mungbean is cultivated under conditions of high temperatures and high humidity.
Conclusion
When evaluating the vigor of mungbean seed lots, it is recommended to subject the seeds to the accelerated aging test at the temperature of 42 °C and exposure time of 72 hours.
